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ARTICLE INFO ABSTRACT

Keywords: MicroRNAs (miRNAs) are single-stranded non-coding RNAs that regulate gene expression post-transcriptionally
MEtaS‘taSis via mRNA degradation, or translational repression. They have important roles in normal development and ho-
Invasion meostasis maintenance. Many studies have revealed that aberrant expression of miRNAs is associated with
Eﬂ;ﬁ;_mz development of pathological conditions, including cancers. MiRNAs can either promote or suppress tumori-
Malignancies genesis based on the regulation of gene expression by targeting multiple molecules. In recent years, several

miRNAs have been reported to be dysregulated in various cancers. Most recent findings have shown that miR-142
gene, located at chromosome 17922, is involved in cellular migration, proliferation, and apoptosis in different
human cancers. The present review discusses some molecular mechanisms and the expression status of miRNA-

142 in the pathogenesis of various cancers.

1. Introduction

Currently, detecting the majority of cancers is challenging, especially
at advanced stages, which makes it difficult to alleviate problems of
patients [1]. Accordingly, detection of cancers at early stages signifi-
cantly reduces the mortality rate. Development of new molecular bio-
markers for cancer screening improved the introduction of potential
molecular candidates for risk management, detection, and treatment
follow-up [1]. Circulating microRNAs (miRNAs) are considered poten-
tial biomarkers for cancer diagnosis and prognosis irrespective of tumor
stage and mutations [2]. Among all miRNAs used as biomarkers,
mir-142 has a significant role in modulating oncogenic molecules [3].
Bioinformatics studies proposed the role of mir-142 in regulating the
expression of key genes [4]. A very prominent finding about miR-142
and other miRNAs is that elevated miRNA levels were exclusively
observed in the group of high-risk patients. During embryonic devel-
opment, homeostasis, and disease progression, miR-142, a
single-stranded RNA that is processed from hairpin transcripts, acts as an
effective regulator of many cellular processes and related signaling
pathways.
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The gene encoding miR-142 is located on the human chromosome
17q22. Pre-miRNA, an arm packet that is processed during the miRNA
biogenesis, generates miR-142-3p and miR-142-5p, distinguishes the
different sequences of miR-142-3p and miR-142-5p, and determines a
different goal for each one. In other words, miR-142-3p, is located in the
structure of the stem-loop on the 3’ arm, while miR-142-5p is located on
the 5’ arm. Based on the studies on mesenchymal and hematopoietic
cells, it was indicated that transcription start site and proximal poly-
adenylation site were located at —1205 and +431, respectively, and
miR-142 is expected to have a length of 1,636 nucleotides [5-7]. The
aberrant expression of miR-142-3p and miR-142-5p has been found in
multiple solid cancers (Fig. 1). Numerous efforts have been made to
develop novel diagnostic biomarkers for various cancers because of
aggressiveness and low sensitivity of cancer screening methods. In this
review, we summarize some molecular mechanisms and the expression
status of miRNA-142 function in the pathogenesis of various cancers.

2. The role of miR-142 in lung cancer

Lung cancer, including non-small cell lung cancer (NSCLC) and small
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cell lung cancer (SCLC), are dangerous cancers, especially in males [8].
They are considered environmental-induced diseases owing to the high
risk of exposure to tobacco smoke [9]. NSCLC, accounts for approxi-
mately 80 % of lung cancer cases, is divided mainly into three subtypes:
lung adenocarcinoma (LUAD), squamous cell carcinoma (LUSQ), and
large cell carcinoma. MiR-142-5p was significantly downregulated in
NSCLC tissues and cell lines compared to normal human lung tissues.
Previous studies showed that PIK3CA was a potential target of
miR-142-5p, and expression reduction of PIK3CA by miR-142-5p
resulted in the suppression of PI3K/Akt pathway [3]. Accounting to
studies on miR-142-3p levels and tumor stages, there were differences
between pulmonary adenocarcinoma patients with low and high risk for
recurrence [10]. MiR-142-3p was downregulated in NSCLC tissues as
well as in cell lines and therefore, inducing the overexpression of
miR-142-3p may inhibit NSCLC cell proliferation and apoptosis. Evi-
dence showed HMGB1 acted as a target for miR-142-3p in
NSCLC-affected cells that was confirmed by luciferase reporter assay,
which confirmed the existence of target specificity between miR-142-3p
and HMGB1 3’-untranslated region [11]. In fact, miR-142 may play
prominent roles in lung cancer via some pathways, depending on tran-
sient receptor potential (TRP) ion channels [12]. Transient receptor
potential ankyrin 1 (TRPA1), as an ion channel, is implicated in lung
adenocarcinoma (LUAD), where its roles and mechanisms of action
remain unknown. We know that the members of TRP channel super-
family consist of a general tetrameric six-transmembrane (S1-S6) and
likely a similar mechanism of pore-opening in architecture, which
TRPA1 is activated by different electrophilic chemicals and oxidants to
play a role in cells [12,13]. It seems the interaction of TRAP1 with
different molecules such as Notchl plays important roles in cell
signaling. TRPA1 contains 16 ankyrin repeats in N-terminal region with
a putative, yet unknown, role in pore-gating and mediating protein—
protein interactions, where the binding partners remain to be identified.
On the other hand, in lung malignancies, especially LUAD, many studies
have previously shown that the membrane receptor of fibroblast growth
factor receptor 2 (FGFR2) is a critical driver of disease progression,
especially under non-stimulated conditions [14,15]. Since the consti-
tutive activation of kinase domain has been defined in patients with
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LUAD, inhibition of this receptor may be considered a great therapeutic
target [16]. However, a highly effective method for targeting FGFR2 has
not yet been introduced. In addition, TRPA1-FGFR2 provides the
oncogenic process in LUAD and its metastasis to the brain. Berroute et al.
demonstrated that TRPA1 was decreased in LUAD cells, which inhibited
FGFR2- driven cellular proliferation and invasion [17]. They also
unraveled the relationship of astrocyte with LUAD cells, which occurred
by the transfer of TRPA1-targeting exosomes containing miRNA-142-3p
from astrocytes to LUAD. It was already demonstrated that the
astrocyte-secreted miRNAs were involved in depleting the expression of
proteins in the brain niche [18,19]. In addition, these circulating miR-
NAs are known to be transported as cargo in cell-derived vesicles called
exosomes to mediate cellular communication and function [20]. Ac-
cording to these findings, miR-142-3p can regulate TRPA1 at mRNA
level. This finding corroborates the finding that shows the level of
miR-142 is reduced in lung cancers. Based on previous reports, there is a
crosstalk between cancer cells and astrocytes in the brain [20], which
modulates protein expression in tumor cells [21]. So we postulate that
the release of chemokines by cancer cells can attract astrocytes and
induce the release of exosomal miRNAs [19]. Therefore, the measure-
ment of exosomal miRNAs in the bloodstream may indicate the prog-
nosis to choose a better treatment strategy.

3. miR-142 roles in breast cancer

Breast cancer is the most common form of cancer among women,
which remains to be challenging worldwide [22]. MiR-142 has been
identified to act as a BC tumor suppressor. The critical role of
miR-142-5p has been demonstrated in various cancers, its underlying
mechanisms need further elucidation. Overexpressed miR-142-5p and
Sorbin and H3 domain-containing protein (SORBS1) induced the pro-
liferation, invasion, and migration of BC cells, thereby suggesting the
inhibition of miR-142-5p may silence SORBS1. MiR-142-5p regulates
SORBS1 as a critical modulator of BC development; thus it may a
promising candidate for therapeutic approaches [23]. Moreover, the
increased miR-142-3p expression repressed BC cell line development
and metastasis through in vitro and in vivo gain-of-function assays.
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Fig. 1. Emerging role of microRNA-142 in cancer. Mir-142 plays key roles in molecular mechanism and pathogenesis of various malignancies, including the brain,

lung, genital system, breast and colon cancers.
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Further, miR-142-3p may moderate the protein-level expression of
Ras-related C3 botulinum toxin substrate 1 (RAC1), which concurrently
reduces the level of epithelial-to-mesenchymal transition (EMT) protein,
activity of serine/threonine-protein kinase (PAK1) phosphorylation,
suppression of the expression of oncogene High Mobility Group
AT-Hook 1 (HMGAL1) and Frizzled Class Receptor 7 (FZD7), and cyto-
skeleton reorganization. Studies reported that miR-142-3p has an in-
hibitor role in cell proliferation, migration, invasion, and metastasis [24,
25]. Mir-142-3p, which downregulates the stem cell and
radio-resistance characteristics of BC, is regulated by a reduced function
of p-catenin in BC cells. Thus, miR-142-3p can help target cancer stem
cells [26]. In this regard, miR-142-3p may be suggested for diagnosis,
early detection, and treatment of BC.

It was established that miR-142-3p regulated drug resistance in BC,
but its molecular pathway involved remains unclear. For example, miR-
142-3p was dramatically increased doxorubicin (DOX) sensitivity and
DOX-induced apoptosis in DOX-resistant MCF-7 cell line (MCF-7/DOX)
via downregulating high-mobility group box 1 (HMGB1) expression [2,
271.

In ER-positive BC cells, estrogen receptor 1 (ER1) prevents apoptosis
via AKT activation. Consequently, miR-142-3p can promote apoptosis
via decreasing the activity of ESR1 and AKT by increasing pro-apoptotic
caspase-9 and caspase-3 levels, while at the same time inhibiting anti-
apoptotic Bcl-2 levels. There are pieces of evidence about the involve-
ment of anti-apoptotic mechanisms in many cancers as well as some
autoimmune diseases [28,29]. It was also demonstrated that the stem-
ness of ER-positive BC correlated with downregulation of mRNA levels
in various cancer stem cell markers, including CD44, CD133, ALDH,
Sox2, and Nanog by inducing miR-142-3p. Moreover, colony formation
assay indicated that restoration of the expression of miR-142-3p in
miR-142-3p-transfected cells reduced cancer stem cell properties in
ER-positive BC cells (Fig. 2) [30].

4. The role of miR-142 in gynecological malignancies
4.1. The role of miR-142 in prostate cancer

MiR-142-3p acts as an oncogene by targeting Forkhead box tran-
scription factor O1 (FOXO1) in prostate cancer. FOXO1 works as a tumor
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suppressor protein in several cancers, especially prostate cancer. FOXO1
induces cell cycle arrest in GO/G1 phases, elevates P21 and cyclin D
expression. Therefore, FOXO1 regulates cellular proliferation and cell
cycle progression. MiR-142-3p negatively regulates FOXO1 expression
by targeting the 3'-UTR region of FOXO1 mRNA [31]. Barcel6 et.al
showed the expression level of miR-142-3p and miR-142-5p was un-
regulated in semen samples in patients with prostate cancer. Therefore,
the expression level of miR-142 beside PSA level could be considered
diagnostic/prognostic biomarker for prostate cancer [32].

4.2. The role of miR-142 in endometrial cancer

Mir-142 plays a different role in various cancers. MiR-142 acts as a
tumor suppressor in endometrial cancer. Mir-142 targets the 3'-UTR
region of cyclin-D and inhibits its expression. Also, the high expression
of Cyclin-D is associated with poor survival in endometrial cancer. MiR-
142 repressed the tumor growth by downregulation of Ki-67 and Cyclin-
D expression in endometrial cancer mouse models [33]. The expression
level of miR-142 is a reliable prognostic biomarker for therapy response
and survival in endometrial cancer. Recent studies showed the survival
rate in patients with a high expression level of miR-142 is better than
patients with high expression levels of mir-4758/mir-876 [34,35].

4.3. The role of miR-142 in cervical cancer

The expression level of miR-142-3p is downregulated in cervical
cancer and the low expression of miR-142 is associated with poor
prognosis in cervical cancer [36]. MiR142-3p targets the 3'-UTR region
of Frizzled7 receptor (FZD7) and suppressed the cellular proliferation
and invasion of cervical cancer. FZD7 regulates cellular proliferation
and invasion through activating of Wnt-p-catenin signaling pathway.
Downregulation of FZD7 induces the overexpression of E-cadherin [37].
Also, miR-142-3p induces the expression of E-cadherin and inhibits the
expression of snail, which indicates to the negative regulation of
epithelial-mesenchymal transition (EMT) in cervical cancer [38]. Jiang
et.al showed that miR-142 suppresses the proliferation of cervical cancer
cells via targetingHMGB1. HMGBI regulates carcinogenesis via acti-
vating cellular migration and metastasis through EMT in cervical cancer.
Moreover, HMGB1 promotes cancer cell proliferation by regulating
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Fig. 2. (A) Schematic molecular pathway of miR-142 function in breast cancer cells. (B) Western blot study of the relative protein levels AKT, p-AKT, Bcl2, caspase 3,
and caspase 9. (C) Western blot study of CD44 and CD133 bonds following a miR-142-3p transfection in MCF-7 cells. (D) Colony numbers quantified in miR-142-3p-

and miRNA-transfected scramble cells [30].



Y. Pahlavan et al.

ERK-MAPK and PI3K/Akt signaling pathways [39,40].
4.4. The role of miR-142 in ovarian cancer

MiR-142-5p is one of microRNAs, which has a diagnostic value in
ovarian cancer [41]. X. et al. study showed that the expression level of
miR-142-3p is upregulated in sera of patients with ovarian cancer and its
expression level negatively correlates with a pathological grade in
cancer [42]. Findings indicated that MiR-142-5p was downregulated in
ovarian cancer cells. The overexpression of KCNQ1OT1 (a long
non-coding RNA gene) promotes the growth and invasion of ovarian
cancer cells through MIR-142-5p /calpain 10 (a calcium-dependent
cysteine protease) pathway [43]. Also, miR-142-5p enhances ovarian
cancer cells’ sensitivity to cisplatin chemotherapy by targeting X-linked
inhibitor of apoptosis (XIAP) 3'-UTR and several anti-apoptotic genes
like baculoviral IAP repeat-containing 3 (BIRC3), B-cell lymphoma-2
(BCL2), BCL2-like 2 (BCL2L2), and myeloid cell leukemia sequence 1
(MCL1) [44].

MiR-142-3p negatively regulates Sirtuin 1 (SIRT1) expression by
targeting the 3/-UTR region of it in ovarian cancer cells [45]. SIRT1
enhances the cell growth, chemoresistance and invasiveness of ovarian
cancer cells via suppression of oxidative stress [46]. MiR-142-3p plays a
tumor-suppressor role in ovarian cancer and inhibits cancer cell growth
and chemoresistance through targeting SIRT1 [45].

5. The role of miRNA-142 in colon cancer

The third most prevalent cancer is colon cancer, which significantly
causes cancer mortality and genetic factors in addition to environmental
factors contribute to the development of malignancy in this organ [47].
New molecular techniques for the identification of colon cancer are now
being tested; however, several of these techniques should be validated in
broad, randomized studies prior the clinical usage [48,49]. The molec-
ular pathways underlying the pathogenesis of colon cancer are still
poorly known. Several pieces of evidence demonstrated miRNAs play
significant roles in launching, progressing, and developing colon cancer
[50,51].

MiR-142-3p has been contributed to the regulation of inflammatory
and immune responses such as development and function of T cells and
the expression of LPS-induced interleukin-6 (IL-6) [52,53]. Since
inflammation plays a substantial role in colon carcinogenesis, re-
searchers utilized three algorithmic programs to investigate
anti-inflammatory function of miR-142-3p to predict the potential of its
target genes. MiR-142-3p is downregulated in colorectal cancer (CRC) as
a tumor suppressor. Moreover, IRAK1 might be a target gene for
miR-142-3p [54]. IRAK1 belongs to the family of interleukin-1 recep-
tor-activated kinases (IRAKs) and is a significant component of the
IL-1R/TLR signal transduction [55]. IL-1R/TLR stimulates the devel-
opment of a receptor complex upon ligand binding that recruits myeloid
differentiation factor 88 (MyD88) and IRAKI; thereby, initiating a
cascade of downstream signaling, which ultimately results in NF-xkB
activation and the induction of expression of inflammatory target genes.
Therefore, Gottipati et al. focused on characterizing IRAK1 as a potential
miR-142-3p target in CRC cells and findings indicated that miR-142-3p
directly suppressed IRAK1, thereby inhibiting its expression at both
mRNA and protein levels [55]. This research also exhibited that
miR-142-3p suppressed the activation of the NF-kB signal caused by LPS
in CRC cells, thus decreasing the expression of inflammatory cytokines,
including IL-6, IL-8, MCP-1, CCL5, and CSF-1. Therefore, it was indi-
cated that miR-142-3p was a crucial element in regulating NF-kB acti-
vation, and its anti-inflammatory function may relate to the suppression
of CRC carcinogenesis [54].

In recent decades, scientists have discovered that the advancement of
CRC is accelerated by the expression of some biomarkers, e.g., CD133,
leucine-rich-repeat-containing G-protein-coupled receptor 5 (Lgr5), and
ATP binding cassette (ABC) G2. The elevated expression of CD133, Lgr5
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and ABCG2 genes enhances the proliferation and drug resistance ability
in cancer cells such as colon cancer [56-58]. It has been established that
miR-142-3p can downregulate the endogenous and exogenous expres-
sion of CD133, Lgr5, and ABCG2 by binding to their 3'-UTRs and coding
sequences. Further, miR-142-3p levels negatively correlate with the
expression of CD133, Lgr5, and ABCG2 and tumor size, while positively
correlate with differentiation in colon cancers. When miR-142-3p is
transfected into colon cancer cells, it induces downregulation of the
Cycline-D1, thereby causing the G1 phase cell cycle arrest and elevating
the susceptibility of the cells to 5-fluorouracil. Additionally,
miR-142-3p, which was repressed by OCT4 and hypomethylation of its
promoter, correlated with a decreased miR-142-3p. Such findings may
reveal a novel pathway of molecular mechanisms and propose a possible
therapeutic strategy for colon cancer treatment [59].

Gao et al. evaluated the targets of miR-142-3p that its potential
target genes were predicted for research using software and network
methods, and RAC1 was recognized as a target for miR-142-3p among
candidate target genes. RAC1 belongs to the Rho family of GTPases that
may result from tumor development via the NF-xB signaling pathway,
and GTPRACI can bind specifically to Bcl-2 to induce anti-apoptotic cell
reactions and regulate tumor angiogenesis [60]. RAC1 was substantially
increased in SW480 cells transfected with miR-142-3p expression
plasmid and had a direct relationship with tumor size and metastasis.
These results show the impact of miR-142-3p on proliferation and in-
vasion in CRC cells by increasing RAC1 expression [61].

Zhu et al. showed that miR-142-3p was downregulated in 78.4 %
(91/116) of the primary CRC tissues compared to adjacent non-tumor
tissues. They also discovered that miR-142-3p mimics decreased in
vitro cell viability and colony development by inducing cell cycle sus-
pension in CRC-derived cells and inhibited in vivo tumor cell growth in
xenografted nude mice. Predictions and dual-luciferase reporter assays
identified CDK4 as a possible target of miR-142-3p, and it was found that
miR-142-3p mimics and inhibitors could reduce and elevate CDK4
protein levels in CRC-derived cells, respectively. CDK4/CDK6 is associ-
ated with a complex of cyclins that can regulate the transition of the G1/
S phase cell cycle and prevent Rb binding to E2F. Hence, miR-142-3p
may be involved in the cell cycle arrest in CRC cells through CDK/
PRb/E2F pathway, however, it needs further investigation [62].

The serum analysis of 363 patients with CRC and 156 healthy con-
trols was evaluated by Gao et al. In CRC patients, miR-142-3p serum
levels were significantly lower than healthy controls. A low serum level
of miR-142-3p has been remarkably associated with advanced CRC.
Survival analysis revealed that patients with a low serum level of miR-
142-3p were lower overall 5 years survival rate than patients with a
high serum miR-142-3p level (67.4 % vs. 76.9 %) [63]. Based on these
findings, it was suggested that miR-142-3p should be used for the
evaluation and optimal risk stratification of patients with CRC. In
addition, serum miR-142-3p may be a promising biomarker for post-
operative prognosis of patients with CRC [63,64]. On the other hand,
miR-142-3p could be engaged in the control of cancer cell proliferation
and CRC metastasis through mechanisms, including targeting the tran-
scription factor 7 (TCF-7), fatty acid synthase (FASN), and oncogene
MYC pathway [63] [65].

Despite a single miRNA’s high diagnostic potential for detecting
CRC, a panel of miRNA biomarkers can enhance the accuracy of early
diagnosis of this malignancy. A panel of 8 miRNAs (miRNA-532-3p,
miRNA-331, miRNA-195, miRNA-17, miRNA-142-3p, miRNA-15b,
miRNA-532, and miRNA-652) was examined by Kanaan et al. that
could distinguish patients with colorectal adenomas from healthy con-
trols [66]. Patients with advanced colorectal adenoma were also
differentiated by a panel containing 5 miRNAs (miRNA-331,
miRNA-15b, miRNA-21, miRNA-142-3p, and miRNA-339-3p) [67].

According to studies, substantial overexpression of miR-142-5p was
revealed in cancer cell lines and colorectal cancer tissues, respectively.
Additionally, patients with colorectal cancer who express an elevated
miR-142-5p level, have a poor prognosis compared with those who had a
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reduced miR-142-5p expression level. Then, the modulation of multiple
predictive targets of miR-142-5p such as FAM134B, KLF6, EPAS1, and
KRAS was investigated utilizing bioinformatics methods miRDB and
miRbase [68,69]. In miR-142-5p overexpressing (SW480+miR-142 and
SW48+miR-142) cells, a substantial reduction in Kruppel-like factor 6
(KLF6) detected compared with control group. On the other hand, in-
hibition of endogenous miR-142-5p, by treatment with
anti-miR-142-5p, induced substantial upregulation of KLF6 expression.
Hence, KLF6 could be effective to establish successful therapeutic stra-
tegies for colon cancer cells by targeting miRNAs like miR-142-5p for
KLF6 overexpression [69].

Using starBase v2.0, Liu et al. indicated that succinate
dehydrogenase-B (SDHB) was a possible target of miR-142-5p, while
SDHB was negatively associated with the growth of cancer by control-
ling energy metabolism. Then, transfection experiment and luciferase
assay were conducted for the identification of the relationship between
miR-142-5p and SDHB in CRC tissues and cell lines. The results revealed
that miR-142-5p was upregulated in CRC but SDHB was downregulated
and verified as miR-142-5 target. Depletion of SDHB through miR-142-
5p upregulation suppressed oxygen intake from CRC cells; meanwhile,
enhanced glucose consumption and production of lactate [70]. Ac-
cording to previous studies, loss of SDHB through miR-142-5p upregu-
lation promotes metabolic switching from oxidative phosphorylation to
aerobic glycolysis in CRC, which supports rapid growth and prolifera-
tion of CRC [70]. This impact of miR-142-5p was abrogated by SDHB
overexpression, which showed that SDHB depletion mediates
tumor-promoting activities of miR-142-5p. Immunohistochemistry
assay also indicated that staining of Cyclin-D1 and Ki67 was declined by
miR-142-5p inhibitors in xenografted tumors, and knocking down SDHB
repressed the reduction of the staining. Thus, SDHB is a possible future
molecular therapeutic component, which may be a promising candidate
for therapies [70].

Shi et al. declared that miR-142-5p could be served as a potential
tumor suppressor in CRC and was upregulated in tumor tissues after
transcatheter arterial infusion chemotherapy (TAI), suggesting its po-
tential clinical prominence for evaluating the functionality of TAI and
predicting CRC progress. Therefore, the findings indicated that miR-
142-5p could specifically bind to the 3'-UTR of the endothelial PAS
domain protein 1 (EPAS1), a common endothelial-cell transcription
factor and decrease its expression; thus, EPAS1 may be proposed as a
possible target for cancer therapy [71].

6. MiR-142 roles in colorectal cancer

Aberrant expression of miR-142, either miR-142-3p or miR-142-5p,
in colorectal cancer cells and tissue samples has been reported in
several studies with paradoxical implications. Chen at al. investigated
the expression profile of microRNAs in human colorectal cancer by
miRNA microarray. They found the significant upregulation of miR-142-
3p in colorectal cancer tissues, which were associated with clinic-
pathological features compared with matched non-tumor tissues [72].
Zhou et al., using quantitative real-time PCR (qRT-PCR) confirmed that
miR-142-3p was significantly upregulated in 60 samples of three kinds
of colorectal cancer cell lines [65]. To identify the most important
circulating microRNAs in plasma of patients with colorectal cancer.
Ghanbari et al. performed microRNA microarray on 37 patients with
colorectal cancer and 8 healthy controls and reported miR-142-3p as one
of the significantly downregulated microRNAs in colorectal cancer tis-
sues. This study suggested miR-142-3p as a potential diagnostic
biomarker for patients with CRC [64]. Zhu et al. demonstrated the
aberrant expression of miR-142-3p in 116 primary CRC samples and
adjacent non-tumor tissues. They found that miR-142-3p was down-
regulated in 78.4 % (91/116) of the primary CRC tissues compared to
control [62]. In a recent study, Gao et al. evaluated serum miR-142-3p
level in 363 patients with CRC and 156 healthy controls to evaluate
miR-142-3p as a serum marker in patients with CRC that showed a
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significantly lower level of miR-142-3p in patients with CRC than
healthy controls. Also, the study of the correlation between serum
miR-142-3p levels and survival outcomes revealed the association be-
tween low serum miR-142-3p levels with an advanced stage of tumor
and lower 5-year overall survival rate. So, serum miR-142-3p was sug-
gested as a diagnostic and prognostic marker for CRC [73].

Vychytilova-Faltejskova et al. revealed that the expression of miR-
142-5p in 427 samples from CRC patients was significantly elevated in
CRC tissues compared to controls [74]. The study performed by Yin et al.
demonstrated the overexpression of miR-142-5p in 15 CRC tissue sam-
ples [75], whereas Shi et al. declared the downregulation of miR-142-5p
in 80 CRC tissue samples in stage III compared to adjacent normal tissues
[71]. Also, Liu at al. showed the expression of miR-142-5p was upre-
gulated in CRC tissue samples compared to healthy controls by gPCR
[70]. Islam et al. examined the expression of miR-142-5p in 125 CRC
tissue samples and cell lines and found it was significantly elevated in 72
% of them compared to control. Moreover, they reported that
miR-142-5p was associated with clinicopathologic factors, including
sites of cancer B-Raf mutation. Patients with CRC who expressed an
elevated level of miR-142-5p showed poor prognosis in comparison to
those who expressed a low level of miR-142-5p [69]. In addition, they
revealed that cancers related to proximal and distal colorectum present a
significant difference in miR-142-5p overexpression profile [69], which
may be the result of different physiological, biochemical make-up and
finally, differential gene expression patterns [76]. This implies the
different roles of miR-142-5p in different pathological sites of CRC. The
differential expression of miR-142-5p in the proximal and distal sites of
the colorectum implied its role in colorectal cancer pathogenesis could
be tissue-specific and might target genes in these locations differently
[69]. Effect of miRNA-142 on target genes and their functions in colon
and colorectal cancer are summarized in Table 1.

6.1. Mechanism of action of miR-142 in colorectal carcinomas

Growth-promoting or oncogenic features of miR-142 in colorectal
carcinomas have been reported in several publications. Also, different
mechanisms have been suggested for miR-142-mediated tumorigenesis
in CRC. Gao et al. study confirmed the oncogenic function of miR-142-3p
in CRC, as downregulation of miR-142-3p significantly decreased cell
migration and invasion [61]. In this study, colorectal cancer SW480 cells
transfected with miR-142-3p expression plasmid showed an upregulated
level of RAC1 and decreased invasiveness of cells. Inversely, cells
transfected with miR-142-3p silencer plasmids showed a decreased level
of RAC-1. The researchers suggested the indirect regulation of RAC1 by
miR-142-3p [61]. To understand the tumorigenesis mechanisms of
miR-142-3p, Zhu et al. evaluated the consequences of miR-142-3p up- or
downregulation in CRC-derived cells in vitro and in vivo. The experi-
ments on miR-142-3p up-regulation showed that cell cycle arrest
resulted in reduced cell viability and colony formation, which further
confirmed by inhibition of tumor cell growth in xenografted nude mice.
Inversely, the experiments with miR-142-3p inhibitor caused an in-
crease in viability and colony-forming capacity of cells and tumor cell
growth in xenografted nude mice [62]. Moreover, they reported that
CDK4, as a potential miR-142-3p target, may be reduced by miR-142-3p
mimics, whereas increased by miR-142-3p inhibitors in CRC-derived
cells [62]. As another target for miR-142-3p, RAC1 was identified by
Gao et al. in SW480 cell lines. In this study, by activating RACI,
miR-142-3p increased cellular invasion in colorectal cancer cells. The
elevated expression of RAC1 was significantly associated with higher
tumor stage and metastasis [61]. In a study by Zhou et al., transcription
factor 7 (T-cell specific, HMG box; TCF7) (TCF7) was predicted and
identified as a target for miR-142-3p. TCF7 was post-transcriptionally
and negatively downregulated by miR-142-3p. TCF7 mRNA and pro-
tein are upregulated in colorectal cancer tissues and colorectal cancer
cell lines, indicating its function as an oncogene in promoting tumor cell
proliferation and inhibiting apoptosis. Further experiments on SW480
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Table 1
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Effect of miRNA-142 on target genes and their functions in colon and colorectal cancer. IRAK1 (Interleukin-1 receptor-activated kinases 1), CRC (colorectal cancer),
Lgr5 (leucine-rich-repeat-containing G-protein-coupled receptor 5), ABCG2 (ATP binding cassette (ABC) G2), RAC1 (Ras-related C3 botulinum toxin substratum 1),
CDK4 (Cyclin-dependent kinase 4), Rb (Retinoblastoma), E2F (Elongation factor 2), KLF6 (Kruppel-like factor 6), SDHB (Succinate dehydrogenase-B), EPAS1
(Endothelial PAS domain protein 1).

miRNA- Expression in Target Expression of target Function of target gene Expressing cells Ref.
142 colon cancer gene gene in colon cancer
Activation of the NF-xB signal by LPS i 1ls, th Zhiyi
Down-regulation IRAK1 Down-regulation Ctlvatl.o noft 'e K signa cause@ y LPS in F:RC cells, thus CRC cells ying
decreasing the inflammatory cytokines expression etal., 2013
Shen et al.,
Down-regulation CD133 Down-regulation raises the proliferation Colon cancer cells 2 Oi: ea
. . . . . Shen et al.,
Down-regulation Lgr5 Down-regulation raises the coloning formation Colon cancer cells 2013
miRNA- Shen et al
142-3p Down-regulation ABCG2 Down-regulation raises the drug resistance Colon cancer cells 2013 ”
. . Tumor progression, Tumor angiogenesis and induction of SW480 cells Gao et al.,
Up- lat RAC1 Up- lat:
p-reguiation p-reguiation antiapoptotic cell responses (CRC cells) 2018
CDK4/CDK6 associate with complex of cyclins that can CRC tissues and cells
. . L. Zhu et al.,
Down-regulation CDK4 Down-regulation regulate the transition of the G1/S phase cell cycle and prevent ~ xenografted nude 2018
Rb binding to E2F mice
. . tumor suppressor in regulating of growth, proliferation, SW480 cells Islam et al.,
Up- lat KLF6 D - lat . .
p-reguiation own-reguiation apoptosis and colony formation of cancer cells (CRC cells) 2018
iRNA- CRC ti d cell Liu et al.
rml 42-5p Up-regulation SDHB Down-regulation Control of the energy metabolism lines 1ssues and ce 210111; aks
Up-regulation EPAS1 Down-regulation Selective transcription factor expressed in endothelial cells tumor tissues of stage Shietal,
p-reg 8 P P "IN CRC pateints 2015

colorectal cancer cells demonstrated that the overexpression of
miR-142-3p could potently inhibit cell proliferation by inhibiting TCF7
expression. So, these results showed the miR-142-3p, with TCF7 as a
direct target, may be involved in the regulation of cell proliferation in
colorectal cancer [65].

Liu at al. suggested succinate dehydrogenase-B (SDHB) as a candi-
date target for miR-142-5p. The study demonstrated the up-regulation of
miR-142-5p, while down-regulation of SDHB in CRC. The decrease in
SDHB was the result of abnormal upregulation of miR-142-5p in CRC;
however, confirmed SDHB as a target for miR-142-5p. SDHB exerts
negative effects on cancer development by regulation of energetic
metabolism. This is mediated by oxygen intake inhibition of CRC cells,
but increased glucose consumption and lactate production; thereby
facilitating generation of aerobic glycolysis. On the other hand, it has
been demonstrated that miR-142-5p has positive roles in growth, pro-
liferation, and colony formation of CRC, but inhibits apoptosis in these
cells. SDHB overexpression evokes these effects of miR-142-5p, which
indicates that miR-142-5p mediated its tumor-promoting functions
through SDHB depletion [70]. In a study, among several targets pre-
dicted for miR-142-5p, including FAM134B, KLF6, EPAS1, and KRAS,
only KLF6, which is a tumor suppressor, showed a significant reduction
in miR-142-5p-overexpressing cells. Inversely, inhibition of endogenous
miR-142-5p resulted in significant upregulation of KLF6. Also, over-
expression of miR-142-5p promoted cell proliferation, colony formation,
and wound healing capacities, while decreased cancer growth properties
following the inhibition of endogenous miR-142-5p. These effects were
mediated through the modulation of KLF6. As the expression of
miR-142-5p and KLF6 protein are inversely correlated in colon cancer
cells [69].

Because of B-Raf contribution to the pathogenesis of CRC [77], Islam
et al. evaluated its association with miR-142-5p expression and found
that miR-142-5p could contribute to the tumorigenesis by modulating
the expression of B-Raf as either directly or indirectly [69].

7. Conclusion

In summary, miR-142-5p expression is important in predicting mo-
lecular progression, tumor growth, and patient prognosis in several
carcinomas and exerts its oncogenic properties in vitro by targeting
special proteins and molecules, which could be a tumor suppressor in
regulating of growth, proliferation, apoptosis, and colony formation of

cancer cells. Novel insight is provided into the cancer development
regulated by miR-142, which can serve as a non-invasive biomarker in
cancer prognosis, diagnosis. MiR-142 could also be a potential target of
therapy in future molecular medicine; however, further studies are
needed to confirm it.
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